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Abstract
Background
The epidemiology of cases of acute gastroenteritis (AGE) of viral etiology is a relevant pub-
lic health issue. Due to underreporting, the study of outbreaks is an accepted approach to
investigate their epidemiology. The objective of this study was to investigate the epidemio-
logical characteristics of AGE outbreaks due to norovirus (NoV) and sapovirus (SV) in
Catalonia.
Material and Methods
Prospective study of AGE outbreaks of possible viral etiology notified during two years in
Catalonia. NoV and SV were detected by real time reverse transcription polymerase (RT-
PCR).
Results
A total of 101 outbreaks were registered affecting a total of 2756 persons and 12 hospitali-
zations (hospitalization rate: 0.8x1,000,000 persons-year); 49.5% of outbreaks were food-
borne, 45.5% person to person and 5% waterborne. The distribution of outbreaks according
to the setting showed a predominance of catering services (39.6%), nursing homes and
long term care facilities (26.8%) and schools (11.9%). The median number of cases per out-
break was 17 (range 2–191). The total Incidence rate (IR) was 18.3 per 100,000 persons-
years (95%CI: 17.6–19.0). The highest IR was in persons aged65 years (43.6x100,000
(95% CI: 41.0–46.2)) (p<0.001). A total of 1065 samples were analyzed with a positivity rate
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of 60.8%. 98% of positive samples were NoV (GII 56.3%; GI 4.2%; GII+GI 4.2%; non- typ-
able 33.0%). SV was identified in two person-to-person transmission outbreaks in children.
Conclusions
These results confirm the relevance of viral AGE outbreaks, both foodborne and person-to-
person, especially in institutionalized persons. SV should be taken into account when inves-
tigating viral AGE outbreaks.
Introduction
Caliciviruses are 27 to 40 nm, nonenveloped, single-stranded RNA viruses of the family Calici-
viridae with two genus, Norovirus and Sapovirus, associated with disease in humans [1].
Human caliciviruses (HuCVs) have a worldwide distribution, with multiple antigenic types cir-
culating simultaneously in the same region. Norovirus (NoV) is the most common cause of
sporadic viral acute gastroenteritis (AGE) as well as gastroenteritis outbreaks. Because of high
levels of contact and vulnerable patient populations, healthcare settings can be particularly sus-
ceptible to outbreaks of HuCVs. The most commonly detected HuCVs are noroviruses. There
are currently five genogroups (G) of NoVs with strains that infect humans found mainly in GI
and GII, and to a much lesser extent in GIV [2] being the NoV genogroup 2 type 4 (GII.4) the
predominant during the past decades in the Americas, Europe and Oceania [3–8]. GII.4 strains
are more commonly associated with person-to-person transmission, while GI strains are iden-
tified more frequently in shellfish-associated outbreaks.
The primary route of transmission of noroviruses is fecal-oral, although airborne transmis-
sion also occurs. Contaminations of food, water or fomites and direct person to person spread
have all been implicated in outbreaks of NoV gastroenteritis. The incubation period ranges
from 10 to 51 hours, and the infectious dose is low. As many as one third of persons shed the
virus before the onset of illness, and peak fecal virus shedding may occur after gastroenteritis
symptoms have resolved [2].
NoV-associated gastroenteritis occurs in a variety of settings. NoVs are most frequently rec-
ognized as causes of outbreaks of acute gastroenteritis, but sporadic illness is also common.
NoVs are responsible for 47–96% of outbreaks of acute gastroenteritis and 5–36% of sporadic
cases of acute gastroenteritis worldwide [9].
Secondary transmission of NoV infection is common (often>30%), allowing the spread of
an outbreak, particularly in closed settings such as healthcare institutions (e.g., hospitals and
nursing homes) and cruise ships [10]. The emergence of new variants of the GII.4 and GII.2
strains has been observed but it is not yet clear whether antigenic drift driven by population
immunity occurs among other NoV genotypes [11].
NoV infection is usually a self-limited illness, and healthy persons typically recover without
sequelae. Elderly and chronically illpersons are more likely to suffer these complications, and
death has complicated norovirus outbreaks among elderly residents of nursing home facilities
[2]. Sapovirus was first identified in an outbreak of diarrhea in an orphanage in Sapporo,
Japan, in October 1977 [12], and since then, 15 genotypes in four genogroups (GI.1 to GI.8,
GII.1 to GII.5, GIV, and GV) have been described as human SVs. Sapoviruses have been
detected fom a variety of epidemiological sources, including fecal specimens from symptomatic
and asymptomatic individuals, environmental water, and bivalves in Japan, indicating that SVs
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can be transmitted via the fecal-oral route through water and contaminated foods, as well as
through person-to-person contact [13;14].
Sapovirus (SV) cause AGE in humans of all ages as sporadic cases although they have
increasingly been recognized as a cause of outbreaks. An increasing prevalence of sapovirus
infections has been described, highlighting the emerging role of sapoviruses as a public health
problem [15–18]. In general, the severity of SV AGE is milder than NoV AGE and the symp-
toms are self-limiting although, depending on the individual (immunocompromised, small
children or elderly people) SV AGE may lead to hospitalization [17;19;20].
There are some clinical differences between NoV and SV. Diarrhea is the most frequent
symptom in SV outbreaks where in NoV outbreaks is vomiting and low grade fever [20].
Outbreaks with high attack rates tend to occur in closed populations, such as nursing
homes, child care centres, and cruise ships [21]. Transmission is person-to-person spread via
the fecal-oral route or through contaminated food or water. Norovirus is the most common
cause of foodborne illness and foodborne disease outbreaks in the United States [22;23]. Expo-
sure to contaminated surfaces and aerosolized vomits has been implicated in some outbreaks
[24]. Viral excretion peaks 4 days after exposure and may persist for as long as 3 weeks. Pro-
longed excretion can occur in immunocompromised hosts. Infection occurs year round but is
more common during the colder months [25]. The incubation period is 12 to 48 hours. HuCVs
are extremely contagious, large numbers of virus particles can be excreted, and shedding can
last for several weeks after symptoms have subsided. The spread of infection can be reduced by
standard measures for the control of diarrhea, such as educating child care providers and food
handlers about infection control, maintaining the cleanliness of surfaces and food preparation
areas, using appropriate disinfectants, excluding caregivers or food handlers who are ill or for a
period after recovery (e.g., 24–72 hours), exercising appropriate hand hygiene, and excluding
children from group child care. Sporadic cases of HuCV are not notifiable nationally, but out-
breaks of HuCV should be reported to local and state public health authorities [26].
he lack of accurate diagnostic assays available in clinical laboratory settings results in disease
incidence for NoV and other viral causes of AGE being underestimated [22]. With the excep-
tion of an enzyme immunoassay (EIA) for rotavirus, the diagnosis of viral AGE is made largely
on the basis of clinical signs and symptoms. Molecular techniques used for the definitive diag-
nosis, specifically polymerase chain reaction (PCR) tests, are mostly only availablein public
health laboratories and research settings. Evaluation of viral AGE incidence is further limited
by the fact that most AGE patients do not seek medical care, and, of those who do,<20% sub-
mit fecal specimens for diagnostic tests [27].
The aim of this study was to describe epidemiological features of acute gastroenteritis out-
breaks caused by norovirus and sapovirus in Catalonia i a two-year prospective study.
Materials and Methods
Study Design
The study was designed as an epidemiological descriptive study of AGE outbreaks reported in
Catalonia, an authonomous region in the northeast of Spain with nearly 7.600.000 inhabitants
in 2011 [28] from January 1st 2010 to December 31st 2011. The following definitions were
used:
AGE was defined as diarrheal disease of rapid onset presenting together with nausea, vomit-
ing, fever, or abdominal pain. A confirmed case of AGC was defined as a patient with2 loose
stools and/or2 episodes of vomiting within 24 h, with detection of sapovirus or norovirus in
faeces.Outbreaks of AGE were defined as AGE affecting2persons with the same exposure from
a common source of infection or by person-to-person transmission. Reporting of AGE outbreaks
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to the Public Health Agency of Catalonia is mandatory. Survey data was gathered from all sus-
pected viral AGE outbreaks reported to thecorresponding public health surveillance units during
the study period. The mode of transmission was ascertained by epidemiological investigation.
For each case, sociodemographic data and information about type and duration of symptoms
and healthcare received were collected. Patients were asked about AGE symptoms, diarrhea and
vomiting, and additional symptoms such as nausea, fever, abdominal pain, headache, myalgia,
malaise and chills. Information was collected by staff of the epidemiological research units using
a standardized questionnaire. Stool samples were collected from patients, healthcare or daycare
staff and foodhandlers by public health epidemiologists as part of the outbreak control proce-
dures. Initial information identifying patients was anonymized prior to analysis.
Laboratory Procedure
Stool samples were pre-screened using standard microbiological tests to rule out bacteria and
parasites and stored at −20°C before testing by enzyme immunoassay (EIA).
Stool samples were plated on selective and differential media to study Salmonella (MacCon-
key agar, Salmonella-Shigella agar, Xylose-Lysine-Desoxycholate agar and Selenite enrichment
broth), Shigella (MacConkey agar and Salmonella-Shigella agar), Shiga toxin-producing strains
of O157:H7 Escherichia coli (MacConkey agar with sorbitol), Yersinia (Cefsulodin-Irgasan-
Novobiocin, CIN agar), Campylobacter (Charcoal agar), Vibrio (Thiosulfate Citrate Bile salt
Sucrose, TCBS agar) and Aeromonas spp (Pseudomonas-Aeromonas agar with 100,000 IU per
litre of Penicillin G, GSP agar). In outbreaks where a parasitic infection was suspected, the diag-
nosis was established by direct microscopic examination or after concentration of preserved
stool (Merthiolate- iodine-formalin and 10% formalin) to determine the presence of ova, tro-
phozoites or cysts. Cryptosporidium oocysts were examined by stained fecal materials (Aura-
mine and Ziehl-Neelsen stains).
Additionally, reverse transcriptase-polymerase chain reaction (RT-PCR) detection was per-
formed. Specimens underwent molecular testing for norovirus, sapovirus, astrovirus and
enteric adenovirus at the laboratory (Universitari H. Vall d’Hebron Microbiology Laboratory,
Public Health Agency of Barcelona Laboratory and Enteric Virus Laboratory, University of
Barcelona) Viral nucleic acid was extracted and TaqMan RT PCR and PCR were used for initial
sample screening for genogroup I (GI) and genogroup II (GII) NoV and SV, and to determine
the genotype and viral load of NoV and SV [29;30]. Sequencing, phylogenetic analysis, and
genotype assignment PCR products were purified and sequenced with the ABI PRISM Big-
Dye1Terminator Cycle Sequencing Ready Reaction Kit V3.1 [4]. For each outbreak, all stool
samples were investigated if there were fewer than 10 cases, and at least 10 samples were stud-
ied in outbreaks with more than 10 cases. Faecal samples were collected during the acute phase
(first 3–5 days) of infection: a minimum of 1 g of stool was collected in a sterile, plastic con-
tainer without preservative. In outbreaks where less than three samples were collected, Kaplan’s
criteria were followed [31].
Outbreaks of suspected viral aetiology that were negative for NoV were analysed for SV
using quantitative real-time PCR with primers as previously described [29]. NoV genogroup
assignment was performed after amplification by semi-nested RT-PCR of the ORF1/ORF2
junction region (region C) as previously described [4]. Sapovirus genogroup assignment was
performed after nested RT-PCR amplification and sequencing [14].
Statistical Analysis
The following data were collected for each outbreak were studied: setting, date of onset of first
case, number of people exposed and affected, age, gender, use of health services, hospitalization
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and work or school absenteeism, as well as occupation within outbreak setting and laboratory
stool testing results. The incidence rates of AGE cases and outbreaks and their 95% confidence
intervals (CI) assuming a Poisson distribution were calculated using the estimated population
of Catalonia (Statistical Institute of Catalonia (IDESCAT) for 2010 and 2011. Non-normal var-
iables were stated as mediana and ranges. The Mann–Whitney U-test was used to assess the
equality of medians for two observation samples. The level of statistical significance was estab-
lished as α = 0.05. The odds ratios (OR) and corresponding 95%CI were calculated to estimate
the association between clinical symptoms and age. All statistical analyses were performed by
using IBM SPSS1 version 18 statistical program (SPSS Inc., Chicago, IL, USA) and R 2.13.0 (R
Development Core Team 2011) program.
No ethics committee approval was needed and written consent was not obtained because
data were anonymized prior to analysis and gathered for outbreak control and public health
purposes.
Results
During the two year study period, 286 AGE outbreaks were reported, of these 35.3% were of
viral etiology, 13% caused by Salmonella spp and 20% were of unknown etiology.
A total of 101 (35.3%) viral AGE outbreaks were registered (66 in 2010; outbreak rate:
8.8x1,000,000 persons-year) and 35 in 2011 (outbreak rate: 4.6x1,000,000) affecting 2756 per-
sons with 12 hospitalizations, a hospitalization rate (HR) of 0.8 x1,000,000 persons-year; and 1
death. Of the outbreaks, 49.5% were foodborne, 45.5% person-to-person and 5% waterborne.
The distribution of outbreaks according to the setting wasf catering services (39.6%), nursing
homes and long-term care facilities (26.8%), and schools (11.9%) (Table 1). The median num-
ber of cases per outbreak was 17 (range 2–191). The total incidence rate (IR) was 18.3 per
100,000 persons-years (95%CI:17.6–19.0). By age group, the highest IR was in the65years
age group (43.6x100,000 (95%CI 41.0–46.2)) followed by the 0–14 years (17.2x100,000 (95%
CI:15.6–19.0)) and 15–64 years (9.2x100,000 (95%CI:8.6–9.8)) age groups (p<0.001). The
overall attack rate was 44%, a significant difference in the attack rate was observed between
foodborne outbreaks (53.8%) and person-to-person outbreaks (30%) (p<0.001). Both the IR
and the risk ratio (RR) for infection were higher in the65 years age group (RR 4.75 (95%CI:
4.35–5.19)) followed by the 0–14 years age group (Table 2). Analysis of the IR by age group
and setting showed the highest IR was in the65 years age group and in the catering services
setting with 491 affected persons (IR 19.6 x100,000 (95%CI:17.9–21.4)) and in the nursing
home setting with 371 affected persons (IR 14.8 x100,000 (95%CI:13.3–16.4)) followed by the
0–14 years age group in the school setting with 245 cases (IR 10.6 x100,000 (95%CI: 9.3–12.0)).
The largest number of medical consultations was in the 15–64 years age group (209 cases,
2.3%), while the highest hospitalization rate and absenteeism was in the 0–14 years age group
with 3 (0.8%) hospitalizations and 133 cases missing school (33.4%) (Table 2).
Laboratory findings
A total of 1065 samples were analyzed; 702 (65.9%) from cases and 343 (32.2%) from foodhand-
lers and care givers [20 samples (1.9%) were of unknown origin]. Only two foodborne outbreaks
had no samples from cases, although foodhandler samples were available. The positivity rate
was 60.8% (648/1065); in 98% of outbreaks with positive samples NoV was identified as the
causative agent with the following genogroup distribution: GII56.3%; GI 4.2%; GII+GI 4.2%;
non typable 33.3%; GII+GI+Salmonella 1%. Forty seven outbreaks (46.5%) were genotyped,
being GII.4 the most prevalent genotype (61.7%). SV was identified in two outbreaks of person-
to-person transmission in children and one outbreak of foodborne transmission with co-
Epidemiology of Norovirus & Sapovirus Outbreaks
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Table 1. Distribution of outbreaks according to setting of occurrence andmode transmission. Catalonia 2010–2011.
Mode of transmission
Foodborne Waterborne Person to person
Setting Number of
outbreaks
(%)
Persons
affected
(%)
Number of
outbreaks
Persons
affected
Number of
outbreaks
Persons
affected
Number of
outbreaks
Persons
affected
Persons
affected
Median
(range)
Persons
exposed
Median
(range)
Median age
(range)
Household 11(10.9) 84(3) 6a 45 1 15 4 24 6 (2–15) 11 (2–30) 29 (0–82)
Foodservice 40(39.6) 1257
(45.6)
35b(2+) 869 - - 5 388 17 (3–191) 46 (4–3474) 56 (0–93)
School 12(11.9) 436(15.8) 3c 75 1 103 8 258 19 (6–103) 71 (25–488) 10 (0–74)
Holiday
camp/
cottage
4(3.9) 53(1.9) 1d 7 1+ 17 2 29 13 (7–20) 60 (13–77) 10 (8–55)
Nursing
home
14(13.9) 445(16.2) 4e 122 - - 10 323 28 (12–65) 85 (43–213) 81 (21–102)
Longterm
care/
hospital
13(12.9) 371(13.5) 1f 48 - - 12 323 23 (6–76) 57 (20–203) 76 (19–100)
Other* 7(6.9) 110(4.0) - - 2 33 5 77 12 (6–28) 43 (26–83) 37 (0–91)
Total 101 (100%) 2756
(100%)
50 (49.5%) 1166
(42.3%)
5 (5%) 168
(6.1%)
46 (45.6%) 1422
(51.6%)
17 (2–191) 50 (2–3474) 51 (0–102))
* Closed institutions (prison, youth fostering center, mentally disabled facility), free camp site, fun run.
+ Positive sample to NoV
a 1 oysters, 1 cake, 4 unknown
b 3 clams, 1 durum, 1 pork roast, 2(1+) mussels, 5(1+) oysters, 22 unknown
c 1 sandwich, 2 unknown
d 1 unknown
e 4 unknown
f 1 unknown
doi:10.1371/journal.pone.0152503.t001
Table 2. Incidence rates and risk ratio of infection, hospitalization rates, medical consultation and absenteeism according to age groups and gen-
der. Catalonia 2010–2011.
Age group* IR x 100,000 persons (95%
CI)
RR (95%CI) p Medical consultation n
(%)
Hospitalization n
(%)
Absenteeism school/work n
(%)
0 to 14 years 17.19 (15.55–18.97) 1.87 (1.66–
2.11)
< 0.001 77 (19.3) 3 (0.76) 133 (33.4)
15 to 64
years
9.18 (8.60–9.78) 1 209 (22.3) 1 (0.11) 137 (14.6)
 65 years 43.56 (41.01–46.22) 4.75 (4.35–
5.19)
< 0.001 143 (13. 1) 8 (0.73) 3 (0.3)
Gender**
Men 13.69 (12.87–14.56) 1 198 (19.4) 6 (0.60) 125 (12.2)
Women 19.91 (18.92–20.94) 1.45 (1.34–
1.58)
< 0.001 242 (16.0) 6 (0.40) 150 (9.9)
* 219 of the 2756 affected persons were not surveyed
** 109 out of 2537 surveyed lacked information on age and 4 on gender
doi:10.1371/journal.pone.0152503.t002
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infection with NoV GII. No samples tested positive forr astrovirus nor adenovirus. There was
no statistical difference in proportions between genogroup I and II in foodborne outbreaks
(9.4% caused by GI and 90.6% by GII) and in person-to-person transmission (10% GI and 90%
GII) [OR = 0.94(95% CI: 0.20–4.55) p = 0.79] The largest percentage of samplescollected and of
positivity were in the foodservice setting with 33.9% of samples collected and 32.9% of NoV pos-
itivity, followed by the longterm/ hospital and nursing home settings with 23.2% and 21.5% of
samples collected and 22.8% and 23.5% NoV positivity respectively. Other settings such as
schools, household, closed institutions (prison, youth fostering center, mentally disabled facility)
and holiday camps had lower sample collection and positivity rates (10%, 4%, 4.8% and 2.6% of
outbreak samples collected; 10.6%, 3.5%, 3.2% and 3.4% positivity rates, respectively).
As to seasonality (Fig 1), there was a significantly higher incidence of viral AGE outbreaks
in the cold months (November to April), both for foodborne (38.2% vs. 61.8%) and person-to-
person (23.9% vs. 76.1%) outbreaks. Although the warm months had a higher proportion of
point source outbreaks than person-to-person outbreaks no significant difference was observed
(OR:1.97 (95%CI: 0.82–4.69) p = 0.12)) (Table 3).
Discussion
The use and application of public health data in descriptive studies can be useful despite under-
reporting., even in diseases with a high frequency [32]. One aim of this study was to assess the
relevance of SV as a causative agent of AGE. The results of this study, partially presented by
Sala et al., are the first to report the involvement os SV in three outbreaks, affecting children (2
outbreaks) and adults (1 outbreak) in Catalonia [20]. An environmental study carried out in
Catalonia by Sano et al. suggests the emergence of SVs as human pathogens with high
Fig 1. Distribution of acute gastroenteritis outbreaks by month of occurrence and transmission
mode.Catalonia 2010 and 2011.*Cold months (November to April) significantly higher incidence than warm
months (May to October) for both transmission modes (Table 3).
doi:10.1371/journal.pone.0152503.g001
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environmental prevalence [12]. Svraka et al. described changes in SV epidemiology in the
Netherlands, with outbreaks and infections in people aged>60 years, which might suggest the
prevalence of SV infection, may be increasing [15]. A thorough literature review [33] also sup-
ports the findings of this study as to the evident rise in importance of calicivirus, especially
NoV, as causes of illness.
Human norovirus (HuNoV) is a well studied cause of foodborne disease outbreaks world-
wide and high-risk foods for HuNoV contamination include shellfish, fresh produce, and com-
mercially prepared uncooked foods [34]. There was higher proportion of outbreaks with a
point source transmission (49.5% foodborne and 5% waterborne) than person-to-person
(44.8%) transmission, although the directly implicated food was positive in only 4 outbreaks, 3
foodborne in shellfish-related outbreaks in the foodservice setting and one waterborne.
Foodborne and waterborne outbreaks were associated with multiple strains (GI+GII).
Waterborne outbreaks were significantly associated with GI strains, while healthcare-related
and winter outbreaks were associated with GII strains in accordance with other published out-
break summaries [35].
Both Incidence rate and the risk ratio (RR) for infection were higher in the65years age
group followed by the 0–14 years age group. This supports previous findings in Catalonia and
in other studies carried out in Spain and other countries [5;33;35–38]. The high hospitalization
rate could also be explained by the higher prevalence of GII.4 and a higher degree of severity
affecting mainly elderly patients [39]. As described by other authors, our results suggest that
the elderly are highly vulnerable and indicate the need to introduce simple tests for an early
identification of NoV in cases of AGE affecting the elderly in order to improve care by reducing
unnecessary treatments and hospital stays [36].
The seasonality of pathogens is defined as the appearance of recurrent epidemics at defined
periods of the year [40]. Our results confirmed the typical winter seasonality of calicivirus with
a higher incidence of viral AGE outbreaks from November to April, both for foodborne (38.2%
vs. 61.8%) and person-to-person (23.9% vs. 76.1%) transmission modes, although the warm
months presented a somewhat higher proportion of point source outbreaks (foodborne and
waterborne) than person-to-person transmitted outbreaks. NoV epidemic characteristics, and
timing, are remarkably consistent from year to year, with a peak incidence from November to
April and specific peaks in February and March [10]. However, NoV outbreaks do occur
Table 3. Distribution of percentage of outbreaks by season of the year and transmission mode. Catalonia 2010–2011.
Season Transmission mode
Common Source (Fb&Wb)* Person-to-person Total
n % n % n %
Warm (May-Oct) 21 38.2 11 23.9 32 31.7
Cold (Nov-Abr) 34 61.8 35 76.1 69 68.3
p value 0.022 <
0.001
< 0.001
Season
Transmission
mode
Warm (May-Oct) Number of
outbreaks
Cold (Nov-Abr) Number of
outbreaks
OR (95% CI) p
value
Transmission
mode
Warm (May-Oct) Number of
outbreaks
Point source
(Fb&Wb)*
21 34 1.97 (0.82–
4.69)
0.124 Point source
(Fb&Wb)*
21
Person-to-person 11 35 - - Person-to-person 11
Total 32 69 Total 32
* Fb: foodborne; Wb: waterborne
doi:10.1371/journal.pone.0152503.t003
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during the summer. In a previous in Catalonia during 2004–2005 no seasonality was observed,
mainly due to the small number of outbreaks during the study period, although higher preva-
lence of foodborne outbreaks did occur during the warmer months [5]. The seasonal behavior
of NoV gastroenteritis is known to be influenced by several hosts and setting factors that can
affect attack rates and environmental persistence of the virus.Understanding the seasonal
changes in norovirus infection is important to be able to implement efficient surveillance and
preventive measures for its control [41].
Our study has some limitations. Using community-based cohort studies would give a more
correct estimate of AGE caused by HuCVs and their incidence rates [42] although the study of
outbreaks is an accepted approach to investigate the epidemiology of cases of AGE of viral eti-
ology [15;16]. Likewise, some outbreaks may not have been reported and the IR could have
been underestimated. Nevertheless, if the underreporting was not differential this should not
affect the main findings in each group of outbreaks. Although Kaplan’s criteria were used to
confirm the viral etiology in some outbreaks when no samples were available this should not
make any difference to the overall study results because it was used in only a few outbreaks.
In conclusion, the general perception is that NoV gastroenteritis is a self-limiting mild ill-
ness that rarely requires medical attention, despite several reports of serious illness and death
in various settings [43–45]. This study highlights the importance of routine control measures
of viral AGE outbreaks in order to reduce school and work absenteeism and hospitalization of
elderly and frail cases.
Supporting Information
S1 Table. Distribution and features of NoV&SV outbreaks. Catalonia, 2010–2011.
(RAR)
S2 Table. Distribution of cases, foodhandlers and caregivers in NoV&SV outbreaks. Catalo-
nia, 2010–2011.
(RAR)
Acknowledgments
Coauthors: Maria Company, Rosa Bartolome, Mercedes de Simon, Susana Guix contributed to
the draft of the work equally and the other members of the Working Group for the Study of
Outbreaks of Acute Gastroenteritis in Catalonia (I. Parron, I. Barrabeig, S. Minguell, PJ. Balaña,
R. Torra, MR. Sala, M. Carol, T. Cornejo, D. Ferrer, A. Bosch, R. Pintó, A. Rovira, P. Godoy, M.
Alsedà, C. Arias, N. Follia, G. Ferrús, J Farràs and J. Torres) all contributed equally providing
outbreak investigation information.
Author Contributions
Conceived and designed the experiments: NT AD NC A. Martínez. Performed the experi-
ments: NT NC A. Moreno. Analyzed the data: NT SB AD. Contributed reagents/materials/
analysis tools: SB NT. Wrote the paper: NT NC AD A. Moreno.
References
1. Green KY, Chanock RM, Kapikian AZ. Human Calicivirus. In: Howley PM, Knipe DM, editors. Fields
virology. 5th ed. Philadelphia, Lippincott, Williams &Wilkins, 2006: p. 949–979.
2. Atmar RL. Noroviruses—State of the Art. Food Environ Virol 2010; 2:117–126. PMID: 20814448
Epidemiology of Norovirus & Sapovirus Outbreaks
PLOS ONE | DOI:10.1371/journal.pone.0152503 April 27, 2016 9 / 11
3. Huhti L, Szakal ED, Puustinen L, Salminen M, Huhtala H, Valve O, et al. Norovirus GII-4 causes a more
severe gastroenteritis than other noroviruses in young children. J Infect Dis 2011; 203:1442–1444. doi:
10.1093/infdis/jir039 PMID: 21415019
4. Perez-Sautu U, Sano D, Guix S, Kasimir G, Pinto RM, Bosch A. Human norovirus occurrence and
diversity in the Llobregat river catchment, Spain. Environ Microbiol 2012; 14:494–502. doi: 10.1111/j.
1462-2920.2011.02642.x PMID: 22118046
5. Dominguez A, Torner N, Ruiz L, Martinez A, Barrabeig I, Camps N, et al. Aetiology and epidemiology of
viral gastroenteritis outbreaks in Catalonia (Spain) in 2004–2005. J Clin Virol 2008; 43:126–131. doi:
10.1016/j.jcv.2008.03.016 PMID: 18485811
6. Desai R, Hembree CD, Handel A, Matthews JE, Dickey BW, McDonald S, et al. Severe Outcomes Are
AssociatedWith Genogroup 2 Genotype 4 Norovirus Outbreaks: A Systematic Literature Review. Clin
Infect Dis 2012; 55:189–193. doi: 10.1093/cid/cis372 PMID: 22491335
7. Bruggink L, Marshall J. The relationship between health care and nonhealth care norovirus outbreak
settings and norovirus genotype in Victoria, Australia, 2002–2005. J Microbiol Immunol Infect 2011;
44:241–246. doi: 10.1016/j.jmii.2010.08.001 PMID: 21524956
8. Fioretti JM, Ferreira MS, Victoria M, Vieira CB, Xavier Mda P, Leite JP, et al. Genetic diversity of norovi-
ruses in Brazil. Mem Inst Oswaldo Cruz 2011; 106:942–947. PMID: 22241115
9. Esposito S, Ascolese B, Senatore L, Codeca C. Pediatric norovirus infection. Eur J Clin Microbiol Infect
Dis 2014; 33:285–290. doi: 10.1007/s10096-013-1967-9 PMID: 24036925
10. Verhoef L, Depoortere E, Boxman I, Duizer E, van Duynhoven Y, Harris J, et al. Emergence of new nor-
ovirus variants on spring cruise ships and prediction of winter epidemics. Emerg Infect Dis 2008;
14:238–243. doi: 10.3201/eid1402.061567 PMID: 18258116
11. Siebenga JJ, Vennema H, Zheng DP, Vinje J, Lee BE, Pang XL, et al. Norovirus illness is a global prob-
lem: emergence and spread of norovirus GII.4 variants, 2001–2007. J Infect Dis 2009; 200:802–812.
doi: 10.1086/605127 PMID: 19627248
12. Nakata S, Chiba S, Terashima H, Sakuma Y, Kogasaka R, Nakao T. Microtiter solid-phase radioimmu-
noassay for detection of human calicivirus in stools. J Clin Microbiol 1983; 17:198–201. PMID: 6833476
13. Ueki Y, Shoji M, Okimura Y, Miyota Y, Masago Y, Oka T, et al. Detection of Sapovirus in oysters. Micro-
biol Immunol 2010; 54:483–486. doi: 10.1111/j.1348-0421.2010.00239.x PMID: 20646214
14. Sano D, Perez-Sautu U, Guix S, Pinto RM, Miura T, Okabe S, et al. Quantification and genotyping of
human sapoviruses in the Llobregat river catchment, Spain. Appl Environ Microbiol 2011; 77:1111–
1114. doi: 10.1128/AEM.01721-10 PMID: 21148702
15. Svraka S, Vennema H, van der Veer B, Hedlund KO, Thorhagen M, Siebenga J, et al. Epidemiology
and genotype analysis of emerging sapovirus-associated infections across Europe. J Clin Microbiol
2010; 48:2191–2198. doi: 10.1128/JCM.02427-09 PMID: 20392905
16. Franck KT, Lisby M, Fonager J, Schultz AC, Böttiger B, Villif A, et al. Sources of Calicivirus contamina-
tion in foodborne outbreaks in Denmark, 2005-2011—the role of the asymptomatic food handler. J
Infect Dis 2015; 211:563–570. doi: 10.1093/infdis/jiu479 PMID: 25156563
17. Lee LE, Cebelinski EA, Fuller C, KeeneWE, Smith K, Vinjé J, et al. Sapovirus outbreaks in long-term
care facilities, Oregon and Minnesota, USA, 2002–2009. Emerg Infect Dis 2012; 18:873–876. doi: 10.
3201/eid1805.111843 PMID: 22516204
18. Dey SK, Phathammavong O, Nguyen TD, Thongprachum A, Chan-It W, Okitsu S, et al. Seasonal pat-
tern and genotype distribution of sapovirus infection in Japan, 2003–2009. Epidemiol Infect 2012;
140:74–77. doi: 10.1017/S0950268811000240 PMID: 21371364
19. Medici MC, Tummolo F, Albonetti V, Abelli LA, Chezzi C, Calderaro A. Molecular detection and epide-
miology of astrovirus, bocavirus, and sapovirus in Italian children admitted to hospital with acute gastro-
enteritis, 2008–2009. J Med Virol 2012; 84:643–650. doi: 10.1002/jmv.23231 PMID: 22337304
20. Sala MR, Broner S, Moreno A, Arias C, Godoy P, Minguell S, et al. Cases of acute gastroenteritis due
to calicivirus in outbreaks: clinical differences by age and aetiological agent. Clin Microbiol Infect 2014;
20:793–798. doi: 10.1111/1469-0691.12522 PMID: 24382267
21. Scaioli G, Gualano M, Bert F, Passi S, Specchia ML, Cadeddu C, et al. Norovirus outbreaks on com-
mercial cruise ships: a systematic review and new targets for the public health agenda. Eur J Public
Health 2013; 23(suppl 1).
22. Hall AJ, Rosenthal M, Gregoricus N, Greene SA, Ferguson J, Henao OL, et al. Incidence of acute gas-
troenteritis and role of norovirus, Georgia, USA, 2004–2005. Emerg Infect Dis 2011; 17:1381–1388.
doi: 10.3201/eid1708.101533 PMID: 21801613
23. Surveillance for foodborne disease outbreaks—United States, 2008. MMWRMorb Mortal Wkly Rep
2011; 60:1197–1202. PMID: 21900873
Epidemiology of Norovirus & Sapovirus Outbreaks
PLOS ONE | DOI:10.1371/journal.pone.0152503 April 27, 2016 10 / 11
24. Repp KK, KeeneWE. A point-source norovirus outbreak caused by exposure to fomites. J Infect Dis
2012; 205:1639–1641. doi: 10.1093/infdis/jis250 PMID: 22573873
25. Ahmed SM, Lopman BA, Levy K. A systematic review and meta-analysis of the global seasonality of
norovirus. PLoS One 2013; 8(10):e75922. doi: 10.1371/journal.pone.0075922 PMID: 24098406
26. American Academy of Pediatrics. Summaries of Infectious Diseases Human Calicivirus Infections (Nor-
ovirus and Sapovirus). In: Pickering LK, editor. Red Book: 2012 Report of the Committee on Infectious
Diseases. 29th ed. Elk Grove Village, IL, American Academy of Pediatrics, 2012.
27. Jones S, Douarre PE, O'Leary J, Corcoran D, O'Mahony J, Lucey B. Validation of a norovirus multiplex
real-time RT-PCR assay for the detection of norovirus GI and GII from faeces samples. Br J Biomed Sci
2011; 68:116–119. PMID: 21950202
28. Statitics Institute of Catalonia, IDESCAT. Available: http://www.idescat.cat/es/2016 [cited 2015 Oct 15]
29. Oka T, Katayama K, HansmanGS, Kageyama T, Ogawa S,Wu FT, et al. Detection of human sapovirus
by real-time reverse transcription-polymerase chain reaction. J Med Virol 2006; 78:1347–1353. PMID:
16927293
30. Kageyama T, Kojima S, Shinohara M, Uchida K, Fukushi S, Hoshino FB, et al. Broadly reactive and
highly sensitive assay for Norwalk-like viruses based on real-time quantitative reverse transcription-
PCR. J Clin Microbiol 2003; 41:1548–1557. PMID: 12682144
31. Kaplan JE, Feldman R, Campbell DS, Lookabaugh C, Gary GW. The frequency of a Norwalk-like pat-
tern of illness in outbreaks of acute gastroenteritis. Am J Public Health 1982; 72:1329–1332. PMID:
6291414
32. Naito M. Utilization and application of public health data in descriptive epidemiology. J Epidemiol 2014;
24:435–436. PMID: 25327184
33. Koopmans M. Progress in understanding norovirus epidemiology. Curr Opin Infect Dis 2008; 21:544–
552. doi: 10.1097/QCO.0b013e3283108965 PMID: 18725806
34. Li J, Predmore A, Divers E, Lou F. New interventions against human norovirus: progress, opportunities,
and challenges. Annu Rev Food Sci Technol 2012; 3:331–352. doi: 10.1146/annurev-food-022811-
101234 PMID: 22385167
35. Matthews JE, Dickey BW, Miller RD, Felzer JR, Dawson BP, Lee AS, et al. The epidemiology of pub-
lished norovirus outbreaks: a review of risk factors associated with attack rate and genogroup. Epide-
miol Infect 2012; 140:1161–1172. doi: 10.1017/S0950268812000234 PMID: 22444943
36. Fernandez J, de OM, Melon S, Alvarez-Arguelles ME, Boga JA. Noroviruses as cause of gastroenteritis
in elderly patients. Aging Clin Exp Res 2011; 23:145–147. doi: 10.3275/7040 PMID: 20460955
37. Gonzalez-Galan V, Sanchez-Fauqier A, Obando I, Montero V, FernandezM, Torres MJ, et al. High preva-
lence of community-acquired norovirus gastroenteritis among hospitalized children: a prospective study.
Clin Microbiol Infect 2011; 17:1895–1899. doi: 10.1111/j.1469-0691.2011.03506.x PMID: 21848976
38. Phillips G, Tam CC, Rodrigues LC, Lopman B. Risk factors for symptomatic and asymptomatic norovi-
rus infection in the community. Epidemiol Infect 2011; 139:1676–1686. doi: 10.1017/
S0950268810002839 PMID: 21205382
39. Godoy P, Ferrrus G, Torner N, Camps N, Sala MR, Guix S, et al. High incidence of norovirus GII.4 out-
breaks in hospitals and nursing homes in Catalonia (Spain), 2010–2011. Epidemiol Infect 2015;
143:725–733. doi: 10.1017/S0950268814001204 PMID: 24865855
40. Dowell SF. Seasonal variation in host susceptibility and cycles of certain infectious diseases. Emerg
Infect Dis 2001; 7:369–374. PMID: 11384511
41. Rohayem J. Norovirus seasonality and the potential impact of climate change. Clin Microbiol Infect
2009; 15:524–527. doi: 10.1111/j.1469-0691.2009.02846.x PMID: 19604277
42. Tam CC, O'Brien SJ, Tompkins DS, Bolton FJ, Berry L, Dodds J, et al. Changes in causes of acute gas-
troenteritis in the United Kingdom over 15 years: microbiologic findings from 2 prospective, population-
based studies of infectious intestinal disease. Clin Infect Dis 2012; 54:1275–1286. doi: 10.1093/cid/
cis028 PMID: 22412058
43. Harris JP, EdmundsWJ, Pebody R, Brown DW, Lopman BA. Deaths from norovirus among the elderly,
England andWales. Emerg Infect Dis 2008; 14:1546–5152. doi: 10.3201/eid1410.080188 PMID:
18826817
44. Gustavsson L, Andersson LM, LindhM,Westin J. Excess mortality following community-onset norovirus
enteritis in the elderly. J Hosp Infect 2011; 79:27–31. doi: 10.1016/j.jhin.2011.05.018 PMID: 21764172
45. Rondy M, Koopmans M, Rotsaert C, Van Loon T, Beljaars B, Van Dijk G, et al. Norovirus disease asso-
ciated with excess mortality and use of statins: a retrospective cohort study of an outbreak following a
pilgrimage to Lourdes. Epidemiol Infect 2011; 139:453–463. doi: 10.1017/S0950268810000993 PMID:
20492742
Epidemiology of Norovirus & Sapovirus Outbreaks
PLOS ONE | DOI:10.1371/journal.pone.0152503 April 27, 2016 11 / 11
